Patellofemoral cartilage degeneration is a potential complication of anterior cruciate ligament reconstruction (ACLR) surgery. Hypomobility of the patella in the coronal plane is often observed after ACLR. Few studies, however, have examined the relationship between cartilage degeneration in the patellofemoral joint and mobility after ACLR. The present study investigated 1) the coronal mobility of the patella after ACLR, 2) the relationship between patellar mobility and cartilage degeneration of the patellofemoral joint, and 3) the relationship between patellar mobility and knee joint function after ACLR. Forty patients who underwent medial hamstring-based ACLR participated in the study. Lateral and medial patellar displacements were assessed with a modified patellofemoral arthrometer, and the absolute values of the displacements were normalized to patient height. The International Cartilage Repair Society (ICRS) cartilage injury classification of the patellar and femoral (trochlear) surfaces, and the Lysholm Knee Scoring Scale were used to evaluate knee function. Lateral and medial patellar displacements were reduced compared with the non-operated knee at the second-look arthroscopy and bone staple extraction operation (second operation; 24.4 ± 7.9 months after ACLR, P<0.01). The ICRS grades of the patellofemoral joint (patella and trochlea) were significantly worse than those pre-ACLR. Neither lateral nor medial patellar mobility, however, were significantly correlated with the ICRS grade or the Lysholm score. Although patellar mobility at approximately 2 years after ACLR was decreased compared to the non-operated knee, small displacement of the patella was not related to cartilage degeneration or knee joint function at the time of the second operation.
INTRODUCTION
Cartilage degeneration and/or osteoarthritis of the patellofemoral (PF) joint is a potential complication following anterior cruciate ligament reconstruction (ACLR), [1] [2] [3] and occurs in as many as around 30% of patients after ACLR. 4) Cartilage degeneration leads to the deterioration of knee joint function, resulting in PF joint pain, especially during sport activities. 5, 6) A previous report described an association between PF joint pain and abnormal patellar mobility, such as hypomobility or hypermobility, in the coronal plane. 7) Hypomobility of the patella is often seen after ACLR due to the invasiveness of knee joint surgery, and limited patellar mobility is reported to worsen patellar cartilage degeneration due to excessive patellofemoral contact force 8) . Therefore, therapy to improve patellar mobility is implemented as postoperative rehabilitation. 9, 10) Restricted patellar mobility after ACLR has been described, 11) but the assessments were subjective. Due to the limited data available regarding the relationship between patellar mobility and chondropathy of the PF joint after ACLR, the effects of therapeutic improvement of patellar mobility after surgery to prevent patellar cartilage degeneration and maintain physical function should be investigated.
The purpose of the present study was to investigate 1) coronal mobility of the patella after ACLR, 2) the relationship between patellar mobility and cartilage degeneration in the PF joint, and 3) the relationship between patellar mobility and knee joint function after ACLR.
METHODS

Subjects
Forty patients (men: 26, women: 14, mean age: 30.9 years, range 18 -49 years) underwent ACLR surgery from April 2011 through January 2012, and secondary surgery, i.e., second-look arthroscopy and bone staple extraction at Nagoya Mitsubishi Hospital. All patients underwent medial hamstring-based ACLR, and the same surgeon (K.K.) performed the ACLR surgery and second operation. The non-operated knee joint in all patients had no history of knee joint surgery and no knee joint problems at the second operation; all patients underwent medial hamstringbased ACLR. The mean postoperative follow-up period after ACLR was 24.4 ± 7.9 months. The present study was approved by the Ethics committee of Nagoya Mitsubishi Hospital.
Assessment of patellar mobility
Passive coronal mobility of the patella was assessed with a modified patellofemoral arthrometer (PFA, Brace-Fit, LLC, Aichi, Japan, Fig. 1 ) using the same measurement procedures with acceptable reliability (intraclass correlation coefficient [ICC] = 0.89-0.97 between testers) 7) and validity (ICC = 0.86 compared to magnetic resonance imaging measurement) 12) . The patients were positioned supine with the leg in a neutral position (0° hip rotation). The PFA was fixed on the femoral condyles, and the PFA was clamped to the femoral condyles aligned parallel with the table (Fig. 1A) . A digital caliper was adjusted perpendicular to the line between the center of the patella and the anterior superior iliac spine to assess the lateral passive patellar displacement (LPD) and medial passive patellar displacement (MPD) (Fig. 1B) .
To measure LPD, the lateral side of the patellar border was palpated and located with a laser using an adjustable laser module arm (Fig. 1C) , and the digital caliper was set at zero to define this point as the initial position. LPD was then determined by manually pushing the patella laterally, at which point the side of the patella was again located by sliding the laser module arm and the distance read (Fig.1D) . Pushing force was subjectively determined by feeling the end motion by one tester (K.K.). The MPD was assessed in the same manner, pushing the patella medially. Patellar mobility was measured under anesthesia just before the second operation.
Evaluation of cartilage degeneration of the PF joint and physical examination
The cartilage of the patellar and femoral (trochlear) surface was evaluated based on the International Cartilage Repair Society (ICRS) cartilage injury classification (grade) by one surgeon (K.K.). Cartilage evaluation was performed at the time of the ACLR surgery (pre-ACLR surgery) and at the second surgery by the same surgeon (K.K.). Physical function was assessed using the Lysholm Knee Scoring Scale, and passive knee extension angles (positive value indicates hyperextension of the knee joint) were measured with the patient in a supine position using a general goniometer at the second operation. The same rehabilitation program was applied to all patients after ACLR by physical therapists in the perioperative period at the Mitsubishi Nagoya Hospital. The orthopedic checkup was performed by one surgeon (K.K.) periodically, and the rehabilitation schedule was the same for all patients.
Data analysis
The absolute values of the LPD and MPD, those values normalized to patient height (LPH/HT and MPD/HT, respectively), and the difference between LPD and MPD (LPD-MPD, LPD-MPD/ HT, respectively) as the latero-medial balance, 13) were used for the final analysis of patellar mobility. The data were tested for normal distribution using the Shapiro-Wilk test. For normally Fig. 1 Method of testing lateral patellar displacement using a modified patellofemoral arthrometer (PFA). The PFA was clamped to the femoral condyles aligned parallel with the table (A). The digital caliper was positioned at a 90° angle to the line between the center of the patella and the anterior superior iliac spine (B). The difference in the patellar border between the initial measurement (C) and at manual displacement was measured (D), and defined as patellar displacement (patellar mobility). distributed data, the paired t-test was used to determine differences. For non-normally distributed data, the Wilcoxon signed-rank test (dependent samples) or Mann-Whitney U test (independent samples) was used to determine differences. The correlation of patellar mobility with knee joint function (Lysholm score and knee extension angle) was analyzed using Pearson's correlation or Spearman's rank correlation based on the data distribution. A P value less than 0.05 was considered statistically significant. All statistical analyses were performed with SPSS, version 16 for Japanese (IBM Japan, Tokyo, Japan).
RESULTS
The results of the patellar mobility assessment and physical examinations at the second operation are shown in Table 1 . The LPD, MPD, LPD/HT, and MPD/HT values of the surgery knee were significantly smaller than those of the non-operated knee (p < 0.01). LPD-MPD and LPD-MPD/HT, however, were not significantly different between operated and non-operated knees. The mean knee extension angle was 1.7±2.1 degrees and mean Lysholm knee score was 97.4±16.2 at the second operation.
The ICRS grades of the PF joint at the second operation were significantly worse than those pre-ACLR (Table 2 ). Patellar mobility was not significantly correlated to the ICRS score of the patellar and trochlear surfaces. (Table 3 
DISCUSSION
The LPD, MPD, LPD/HT, and MPD/HT values at the second-look arthroscopy (second operation) around 2 years after ACLR revealed significantly decreased mobility compared with the non-operated knee. Reduced patellar mobility is reportedly associated with PF pain 14) and stiff knee after knee joint injuries. 15, 16) Peri-patellar soft tissue, [15] [16] [17] [18] [19] patellar height, 20, 21) and morphology of the patella and trochlea 20) are associated with lateral and medial patellar mobility. Reduced elasticity of the medial peri-patellar soft tissues, including the medial patella femoral ligament and retinaculum, are associated with restricted lateral patellar mobility, [17] [18] [19] and reduced elasticity of the lateral peri-patellar soft tissues, including the iliotibial band and retinaculum, are associated with restricted medial patellar mobility. The restricted lateral and medial patellar mobility in the present study was assumed to be related to soft tissue tightness following knee joint surgery. Although the present study did not investigate the factors involved in the reduced lateral and medial patellar mobility, this is the first report of reduced patellar mobility after ACLR based on quantitative assessment. The present findings also indicate reduced patellar mobility at approximately 2 years after ACLR compared to the non-operated knee.
The ICRS scores of the patellar and trochlea surfaces were significantly different between the first and second operation (Table 2 ), but patellar mobility was not significantly correlated to cartilage degeneration assessed with ICRS score of the patellar and trochlear surfaces (Table 3) . Fulkerson et al. 22) and Mercian et al. 23) reported that lateral compression force on the PF joint due to a large lateral patellar tilt with tightness of the lateral peri-patellar soft tissues induces degeneration of the PF cartilage. The present study indicated that the difference between LPD and MPD (i.e., LPD-MPD) values were not significantly different between the knee that underwent ACLR and the non-operated knee (Table 1) , and therefore excessive partial high pressure on the PF joint might not have occurred in our subjects.
The subjects in the present study exhibited no knee extension angle restriction at the second operation, and the angle was not correlated with patellar mobility (Table 4 , Fig. 2A ). Patellar stability changed according to the knee joint flexion angle due to complex interactions attributed to individual variability in the trochlear groove anatomy, 24) tibia tubercle position, 25) patellar height, 26) and peri-patellar soft tissues, including mainly the medial patellofemoral ligament. 21, 27) No passive patellar mobility data are available for multiple knee joint angles. Future studies should investigate the influence of the knee joint angle on passive patellar mobility based on differences in the trochlear groove anatomy. LPD, MPD, LPD/HT, MPD/HT, LDP-MPD, and LDP-MPD/HT were not correlated with knee joint function, as assessed by the Lysholm score (Table 4 , Fig. 2B ). Hypomobility of the patella was assumed to induce high compressive force on the patellofemoral joint or mal-tracking of the patella, 22, 23) but no significant correlation was detected because of the ceiling effect of the Lysholm score with a high number of patients having a high Lysholm score (Fig. 2B) . Consequently, each section of the Lysholm Knee Scoring Scale was investigated separately, and patellar mobility was not significantly correlated with any of the subsections of the Lysholm Knee Scoring Scale (Table 5 ). Although the correlation was not significant, the squatting subscore was borderline significant correlated with both LPD (r = 0.30, P = 0.06) and LPD/HT (r = 0.27 and P = 0.09). Therefore, we should consider the relationship between squatting and lateral patellar mobility, especially during the early stage with decreased knee joint function. If lateral patellar mobility is significantly correlated with squatting, improvement of lateral patellar mobility should be an aim of rehabilitation. Clinically, patellar mobilization 9, 22, 28) improvement therapy was applied in cases of reduced patellar mobility with patellofemoral pain and/or after knee joint surgery. If the relationship between the direction of the reduced patellar mobility and knee function, including knee pain and limitation of knee range of motion, is clear, then therapy could be applied more specifically to increase patellar mobility (patellar mobilization).
The present study has three limitations. First, patellar mobility was assessed at only the second operation and therefore, we could not infer a longitudinal relationship between patellar mobility and knee joint function. Patellar mobility should have been assessed both pre-ACLR and at the second operation. Second, although patellar mobility was assessed according to a previous report, the amount of pushing force in the present study was only subjectively estimated and therefore not exactly the same as in the previous report. 7, 29) Thus, patellar displacement could not be compared with that in healthy individuals in previous reports. Third, one tester measured patellar displacement as described previously, but the reliability of the patellar mobility testing was not assessed. Additionally, the reliability of the ICRS grade was not determined in the present study.
In conclusion, lateral and medial patellar mobility were reduced after ACLR compared with that on the non-operated knee, and the reduced patellar mobility 2 years after ACLR was not related to decreased knee joint function after ACLR.
